Abstract Idiopathic interstitial pneumonia (IIP) is a progressive interstitiallung disease of unknown etiology.We investigated dendritic cellsinidiopathic nonspecific interstitialpneumonia (NSIP) immunohistochemically, usinganti-S-100 protein antibody and anti-HLA-DR antibody and also evaluated the relationship between the distribution of S-100 proteinpositive dendritic cells (S-100 DCs) and the lymphocytic subsets in the lung tissue of NSIP.Fifteen patients with the pathological diagnosis of idiopathic NSIP and six patients with usual interstitial pneumonia (UIP) were recruited into this study. Many S-100 DCs were observed in all the cases of idiopathic NSIP but S-100 DCs were not recognized in UIP cases invariably. In the mirror section method, most S-100 DCs showed a positive reaction of anti-HLA-DR antibody but a negative reaction for anti-CD1a antibody. CD8 and CD4 positive lymphocytes were infiltrated diffusely around S-100 DCs. It was demonstrated that the infiltration of CD8 positive lymphocytes predominated in the fibrosing areas and lymphoid follicles around S-100 DCs more sothan CD4 positivelymphocytes.We speculate thatthe pathogenesis ofNSIP is different from UIP and that DC and T cell-mediated immune mechanisms may play a role in the development and perpetuation of NSIP. r
INTRODUCTION
Idiopathic interstitial pneumonia (IIP) is a progressive interstitial lung disease of unknown etiology. Four histologically distinct forms of IIP comprise the morphologic spectrum that has been traditionally included under the designation of idiopathic pulmonary ¢brosis (1^3). This classi¢cation scheme maintains the usual interstitial pneumonia (UIP) and desquamative interstitial pneumonia from Liebow's original classi¢cation and includes two additional entities, acute interstitial pneumonia and the recently described idiopathic nonspeci¢c interstitial pneumonia (NSIP). UIP is most commonly found in patients who present with chronic ¢brosing interstitial pneumonia of unknown etiology. When ¢rst described in 1994, nonspeci¢c interstitial pneumonia was considered to be a wastebasket term for all unclassi¢able interstitial pneumonias (1) . Since 1994, there have been seven additional reports of NSIP and the concept of NSIP has evolved from a broad, inclusive term into a speci¢c form of idiopathic interstitial pneumonia (4^7). Histologically, it is a uniform-appearing, cellular interstitial pneumonia characterized by a lymphoplasmacytic in¢ltration within the alveolar septa. Varying amounts of ¢brosis are admixed with the chronic in£ammation (1^3). Unlike patients with UIP, the majority of patients with NSIP have a good prognosis, with most showing improvement after treatment with corticosteroids (1^7). Most cases of NSIP are of unknown etiology and the mechanism of ¢brosis is unknown as in UIP.
Recently, Fujita showed that in 32% of patients with idiopathic NSIP, autoantibodies were demonstrated unlike in patients with UIP (6) . An increase in lymphocytes has been noted in bronchoalveolar lavage of patients with NSIP (5,6). The majority of patients with NSIP have a good prognosis, with most showing improvement after treatment with corticosteroids in contrast to UIP (1^7). Because of these reasons, we speculate that the pathogenesis of NSIP is di¡erent from UIP and that the ¢bros-ing mechanism of NSIP is associated with immunological mechanisms.
Dendritic cells are antigen presenting cells of hemopoietic origin. Only dendritic cells have the capacity to activate naiveT cells. It is conceivable that dendritic cells play an important role in immunological reactions.Takahashi et al. and Nakajima et al. (8, 9) reported that dendrictic cells have S-100 protein, ¢rst introduced as being speci¢c to nervous tissues, and suggested that the S-100 protein was also a distinguishing marker of these dendrictic cells against conventional histocytes of monocyte^macrophage lineage containing lysozyme and nonspeci¢c cross-reacting antigens. Some authors have reported that dendritic cells are found in some respiratory diseases, for example, lung cancer (10), bronchial asthma (11) and eosinophilic granuloma (12) . Yoshinouchi reported that S-100 protein-positive dendritic cells (S-100 DCs) were found in interstitial pneumonia with UIP patterns associated with rheumatoid arthritis (13) .
We tried to investigate S-100 DCs in NSIP in comparison with UIP immunohistochemically, and also evaluated the relationship between the distribution of S-100 DCs and lymphocyte subsets in the lung tissue of NSIP. 
MATERIALS AND METHODS

Subjects
Immunohistochemical staining and evaluation
Sections of formalin-¢xed, para⁄n-embedded tissue from each specimen were studied using the following antibodies: polyclonal antibody to S-100 protein (Dakopatts, Glostrup, Denmark), monoclonal antibodies to HLA-DR alpha chain, anti-CD4 antibody (clone IF6, Novocastra), anti-CD8 antibody (clone 4B11, Novocastra), anti-B cell antibody (anti-CD20, L26, DAKO) and antiCD1a antibody (O10, Immunotech).
The lung biopsy specimens were ¢xed in 10% neutral bu¡ered formalin solution, cut into slices, embedded in para⁄n and sectioned at 5 mm for histological evaluation and immunohistochemical staining. Immunohistological staining was performed using the streptavidin/biotin/ peroxidase complex method. We tried the mirror section method for evaluating the relationship between S-100 DCs and HLA-DRa antibody positive cells or antiCD1a antibody positive cells.Two consecutive 3 mm-thick sections were obtained with the cut surfaces facing each other. Each section was then individually reacted with anti-S-100 antibody, anit-HLA-DRa antibody or antiCD1a antibody as described above (14) .
The number of S-100DCs in each section was assessed using a semi-quantitative (0^4) scale, according to the following criteria: 0=negative (no positive cells); 1+=oc-casional (isolated positive cells irregularly distributed in the ¢brosing areas without forming clusters); 2+=mod-erate (small clusters of positive cells [o25 cells per cluster] irregularly distributed and composing o25% of the section); 3+=intense (large clusters of positive cells [425% cells per cluster] and/or di¡use in¢ltrate) Peripheral nerves were excluded from the evaluation.
RESULTS
Distribution of S-100 DCs in NSIP and UIP
In the present study, we examined the distribution of S-100 DCs in NSIP and UIP. Table 2 shows the results. Few S-100 DCs were observed in the ¢brosing and honeycombing areas of UIP [ Fig. 1(A) ]. Those cells observed were small and had few cytoplasmic projections. On the other hand, a large number of S-100 DCs with the same features were found in most cases of NSIP [ Fig. 1(B) ]. Many S-100 DCs were large and irregular in form with clear long cytoplasmic projections. The cytoplasm and the nuclei of such cells were clearly and strongly positive with S-100 protein antibody. The appearance of S-100 DCs occurred very often in the ¢brosing areas, where aggregated lymphocytes or lymph follicles were present. A chi-square test showed signi¢cantly more S-100 DCs in NSIP than in UIP (P=0.004).
Distribution of HLA-DR positive or CD1a positive S-100 DCs by mirror section method
We examined the expression of HLA-DR antigen in S-100 DCs. Many in¢ltrations of HLA-DR-positive cells were shown in NSIP using anti-HLA-DR antibody. As shown in Fig. 2 , most S-100 DCs showed a positive reaction for anti-HLA-DR antibody by the mirror section method [Figs. 2(A) and (B) ]. On the other hand, all the S-100 DCs showed a negative reaction using anti-CD1a antibody with the mirror section method.
Relationship of S-100 DCs and lymphocyte subsets
We also examined the distribution of lymphocyte subsets and the relationship between those subsets and S-100 DCs. CD4 positive T lymphocytes were in¢ltrated di¡usely in the ¢brosing areas in all cases and inside and/ or around the lymphoid follicles in 53% (8/15) of cases. The distribution of CD8 positive lymphocytes was mostly di¡use in the ¢brosing areas in all cases, although CD8 positive lymphocytes were in¢ltrated inside or around the lymphoid follicles in 67% (10/15) of cases. Many CD8 and CD4 positive lymphocytes were always . It was demonstrated that the in¢ltration of CD8 positive lymphocytes predominated in the ¢-brosing areas and lymphoid follicles around S-100 DCs, much more than CD4 positive lymphocytes in all cases. But, no correlation between the appearance of S-100 DCs, the distribution of lymphocyte subsets and the clinical ¢ndings of NSIP could be demonstrated. The distribution of B lymphocytes was restricted to inside and/or around the lymphoid follicles and follicle-like structures in all cases [ Fig. 3(D) ]. If the lymphoid follicles contained a germinal center, the numbers of B lymphocytes in the lung tissues were higher.
DISCUSSION
Considerable controversy exists as to the cause of IIP. A lot of potential risk factors exist for IIP (14) . One casecontrol study has suggested an association between exposure to antidepressants and the risk of development of IIP. Chronic aspiration secondary to gastroesophageal re£ux has been implicated in the development of IIP.Various environmental exposures in rural or agricultural areas and in urban and manufacturing settings have been linked to the increasing risk of development of IIP in patients where a de¢ned pneumoconiosis was not present. Hereditary factors may contribute to the risk factors of IIP. Numerous viruses have been implicated in the pathogenesis of IIP, but there remains no clear evidence of the viral etiology. A higher incidence of Epstein-Barr virus, in£uenza virus, cytomegalovirus and hepatitis C virus infection has been reported in patients with IIP. In regard to the immunological mechanism, there have been some reports that a high frequency of IgG autoantibodies was recognized in the plasma of patients with idiopathic pulmonary ¢brosis (IPF) (16) , and that the type 2 pattern of cytokines appears to be predominant in IPF patients (17) . But there has been no report of NSIP patients and DCs.
Steinman et al. have established the concept that immunologically native T cells can be activated most e⁄-ciently by a special subset of antigen presenting leukocytes, termed DCs (18) . DCs have been shown to play essential roles in the induction of T-cell-mediated immune reactions against a wide variety of antigens, including foreign proteins and infectious pathogens.Recent studies have revealed several activities or properties that allow DCs to perform those tasks e⁄ciently. For example, DCs express relatively high levels of MHC class II molecules and important co-stimulatory molecules, including CD80, CD86 and CD40, equipping them to S-100 protein was discovered in bovine brain by Moore in 1965 (19) , and was subsequently shown to be widely distributed in various human tissues also. Human lymphoreticular tissues, Langerhans' cells of the skin, interdigitating cells of the lymph nodes and some suppressor/cytotoxic T cells are positive for S-100 protein (8, 9) . In addition, the presence of S-100 DCs has also been reported in various kinds of carcinoma and in£ammatory diseases (12, 14) . In regard to interstitial pneumonia,Yoshinouchi reported that pulmonary tissues from rheumatoid arthritis-associated intersitital pneumonia patients contained many cells positive for S-100 protein, but such cells were hard to ¢nd in cases of IPF (13) . However, there has been no report of S-100 DCs in NSIP and the present study is the ¢rst report of S-100 DCs in NSIP. In the present study, many S-100 protein and HLA DR antibody positive but CD1a anitbody negative DCs were observed in the ¢brotic areas of NSIP, but such cells were hard to ¢nd in the ¢brotic areas and honeycombing areas of UIP. It has been reported that Langerhans' cells show positivity for S-100 protein antibody and CD1a antibody, but interdigitating dendritic cells (IDC) are S-100 protein antibody positive and CD1a antibody negative (20) . So, those S-100 DCs observed in NSIP were thought to be IDC. S-100 DCs have a pivotal role in initiating the immune response and have been identi¢ed in the target tissues of several autoimmune diseases, including rheumatoid arthritis, primary biliary cirrhosis, giant cell arteritis and polyarteritis nodosa (21^24).Those ¢ndings suggest that immunological mechanisms are involved in NSIP and that the ¢brosing mechanism di¡ers from NSIP and IPF. The etiologic antigens of UIP and NSIP remain unknown but numerous viruses have been implicated in the pathogenesis of IIP. It may be considered that DCs play essential roles in the induction of T-cell-mediated immune reactions against such infectious pathogens or type 2 pneumocytes in apoptosis following an unknown mechanism. Nakao (25) reported that E-selectin expression on endothelial cells was restricted to the honeycombing regions in the lung tissue from IPF. VCAM-1 was present on the endothelium of the venules and capillaries in IIP. The expressions of E-selectin and VCAM-1 on endothelial cells possibly play important roles in the adhesion and migration of DCs. Rosa (26) reported that chronic in£ammation might favor priming of autoreactiveT cells which have escaped thymic tolerance and are able to mount a cross-reactive response to selfmimicking antigens carried by viruses in the periphery. Moreover, chronic in£ammation and persisting viruses can synergistically support autoimmunity through other relevant mechanisms: unveiling of cryptic self-epitopes, determinant spreading, activation of DCs, constant priming of new autoreactiveT cells, and e⁄cient generation and restimulation of memory cells. It should be taken into consideration that the same mechanism is also associated with the mechanism of IIP. In the present report, we demonstrated that S-100 DCs exist in lung specimens of NSIP. It is conceivable that chronic in£ammation and persisting viruses can synergistically support autoimmunity through activation of DCs with regard to the mechanism of NSIP. Following this, an effort should be made to elucidate some facets of the cause of inducing S-100 DCs to NSIP.
In the present study, one of the most important ¢nd-ings was the distribution of lymphocytic subsets. Most B lymphocytes were in¢ltrated in the lymphoid follicles. In contrast, the distribution of CD4 and CD8 positive lymphocytes was mostly di¡use in the ¢brosing areas and inside and/or around the lymphoid follicles, and more CD8 positive lumphocytes were in¢ltrated around S-100 DCs than CD 4 positive lymphocytes. In polyarteritis nodosa and temporal arterities, T lymphocytes, especially those belonging to the CD4 subset, were predominant in the in¢ltrating cells around S-100 DCs.This phenomenon differs from the distribution of the lymphocyte subsets of NSIP. S-100 DCs can play a leading role in the local CD4 positive and CD8 positive cytotoxic T cell activation. Therefore, one can deduce that in NSIP, the processing of endogenous antigens, including viruses and type 2 pneumocytes and so on, is intracellular. This process may cause alveolitis by damage of the pneumocytes. Thus, damaged epithelial cells may contribute to disordered repair and chronic in£ammatory processes.
In conclusion, the distribution of CD4 and CD8 positive T lymphocytes was mostly di¡use in the ¢brosing areas and many CD4 and CD8 positive T lymphocytes were in¢ltrated around S-100 DCs. S-100 DCs were observed in NSIP as well as rheumatoid arthritis-associated interstitial pneumonia.The ¢nding suggests that the pathogenesis of NSIP is di¡erent from UIP and that DC and T-cell-mediated immune mechanisms may play a role in the development and perpetuation of NSIP.
FIG. 3.
Immunostainwith anti-S-100,CD4,CD8 and CD20 antibodiesin NSIP: (A) many S-100 DCs were observed ( Â 220); (B) CD4 positive lymphocytes were in¢ltrated di¡usely around S-100 DCs ( Â 220); (C) many CD8 positive lymphocytes were in¢ltrated diffusely around S-100 DCs ( Â 220); (D) many CD20 positive lymphocytes were observed in the lymphoid follicles ( Â 220).
